Identification of a catalytic base for sugar oxidation in the pyranose 2-oxidase reaction.
Pyranose 2-oxidase (P2O) catalyzes the oxidation of aldopyranoses to form 2-keto sugars and H(2)O(2) . In this study, the mechanistic role of the conserved residues His548 and Asn593 in P2O was investigated by using site-directed mutagenesis, transient kinetics, and pH-dependence studies. As single mutants of H548 resulted in mixed populations of noncovalently bound and covalently linked FAD, double mutants containing H167A were constructed, in which the covalent histidyl-FAD linkage was removed in addition to having the H548 mutation. Single mutants H548A, H548N, H548S, H548D and double mutants (with H167A) could not be reduced by D-glucose. For the H167A/H548R mutant, the flavin could be reduced by D-glucose with the reduction rate constant about 220 times lower than that of the H167A mutant. The pH-dependence studies of H167A/H548R indicated that the rate constant of flavin reduction increased about 360-fold upon a pH rise corresponding to pK(a) >10.1, whereas the reactions of the wild-type and H167A mutant enzymes were pH independent. Therefore, the data suggest that a pK(a) value of >10.1 in the mutant enzyme is associated with the Arg548 residue, and that this residue must be unprotonated to efficiently catalyze flavin reduction. The data imply that for the wild-type P2O, the conserved His548 should be unprotonated in the pH range studied. The unprotonated His548 can act as a general base to abstract the 2-hydroxyl proton of D-glucose and initiate hydride transfer from the substrate to the flavin. Studies of the single mutant N593H showed that the flavin reduction rate constant was 114 times lower than that of the wild-type enzyme and was pH independent, while the K(d) for D-glucose binding was 19 times greater.